Eric M. Ossiander, PhD r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r Context: The Centers for Disease Control and Prevention encourages the use of risk factor questionnaires to screen children for lead poisoning. A majority of state health departments have formal lead screening guidelines that recommend health care providers use questionnaires. Objective: We conducted a systematic review to evaluate the ability of lead screening questionnaires to predict lead poisoning risk among children. Methods: Articles that reported the evaluation of a predesigned lead screening questionnaire were obtained by searching Medline/PubMed and by examining references of articles obtained through the online search. From each evaluation, we abstracted the number of children that were true positive, false positive, true negative, and false negative, according to the results of the screening questionnaire and the follow-up blood lead test. From these data, we calculated specificity and sensitivity of the questionnaire for each evaluation. Results: Twenty articles met the inclusion criteria: these included 28 separate questionnaire evaluations. Among 17 evaluations of the 1991 Centers for Disease Control and Prevention questionnaire, sensitivity ranged from 0.25 to 0.87, specificity from 0.31 to 0.80, and accuracy (sum of sensitivity and specificity) from 0.74 to 1.39. The pooled mean estimates for this questionnaire were sensitivity 0.61 (95% confidence interval: 0.53-0.68); specificity 0.52 (0.45-0.60); accuracy 1.12 (1.06-1.18). Among 11 evaluations of all other questionnaires, sensitivity ranged from 0.43 to 0.90, specificity from 0.17 to 0.66, and accuracy from 0.94 to 1.27. For these questionnaires, the pooled mean estimates were sensitivity 0.76 (0.68-0.85), specificity 0.41 (0.33-0.49), and accuracy 1.12 (1.06-1.18). 
Childhood lead poisoning is still a problem in the United States, with an estimated 310 000 children aged 1 to 5 years having lead poisoning in 2002, 1 where lead poisoning is defined as a blood lead level of 10 μg/dL or more. There is broad evidence that blood lead levels lower than 10 μg/dL are harmful in children, 2, 3 suggesting the number of children with harmful exposure to lead is actually much higher. However, childhood lead poisoning is not equally prevalent across the United States, and has declined in many geographic areas to the point that universal blood lead testing is often not indicated. 4 One of the challenges that public health agencies and health care providers face is determining which children are at high enough risk to justify a blood lead test. One tool that providers may use is a personal lead risk screening questionnaire. These questionnaires typically include questions about the age of the child's housing, the condition of the paint in it, and the occupational exposure of the parents. Lead screening questionnaires published by the Centers for Disease Control and Prevention (CDC) in 1991 5 ( Figure 1 ) or 1997 4 are the most commonly used questionnaires. The use of a personal screening questionnaire is recommended by the CDC. 4 We located childhood lead screening guidelines on the Internet for 38 states. Out of the 32 states that did not recommend or require universal blood lead testing, 28 recommended that health 5 .care providers use a screening questionnaire for at least some groups of children (data not shown). The American Academy of Pediatrics guidelines for health care providers recommend that providers follow state screening recommendations. 6 Many studies have evaluated screening questionnaires for their ability to predict which children should have a blood lead test. These evaluations have provided mixed results, with many showing the questionnaire they evaluated performing little or no better than chance at predicting lead poisoning risk. However, most of the studies were done on relatively small samples. Some studies did not explicitly report the sensitivity and specificity of the questionnaire, and among studies that did report those measures, almost none reported the reliability of their estimates. There has been no systematic review of these studies.
We conducted a systematic review of published studies that reported evaluations of screening questionnaires to predict childhood lead poisoning risk.
• Methods
Search strategy and selection criteria
Studies were identified through a search of the MED-LINE/PubMed database using search terms that included all permutations of the MeSH headings "lead poisoning" or "lead/*blood" with the Mesh Headings "mass screening" or "predictive value of tests" or the terms "risk assessment questionnaire," "risk assessment," or "risk questionnaire." A first search was conducted on June 15, 2005 , and included all articles satisfying the search terms (ie, no date or language restrictions were imposed). We did a follow-up search on November 10, 2009, to find articles indexed since the first search. The references of relevant articles found in the primary search were searched for additional studies. Additional MEDLINE/PubMed searches were conducted for all articles authored by any author of a relevant article found in the primary search, using the search terms "authorname firstinitial[au] blood lead."
We included articles that reported the evaluation of a predesigned questionnaire that was implemented in the manner that a lead risk screening questionnaire would be used. We excluded evaluations in which answers to the risk screening questions were obtained from parents after they learned the results of their child's blood lead test. If an article reported the evaluation of more than one questionnaire on the same sample of children, we included all of them if the questionnaires were predesigned and the authors' a priori intent was to evaluate more than one questionnaire. However, some authors reported on an evaluation of a predesigned questionnaire, but also used the interview to ask many additional risk factor questions, used a statistical model to find a subset of questions that best predicted blood lead levels, and then reported statistics for an "evaluation" of that subset of questions. Because the "questionnaire" was both designed and evaluated on the same sample, we did not consider these evaluations to be valid and did not include them in the review. Some articles also reported evaluations of the predictive ability of individual questions from a predesigned questionnaire. We did not include the individual question evaluations in this review.
When there were multiple articles describing results from a single study population, only the article with the most recent or complete data was retained.
Statistical analysis
For each questionnaire evaluation, we extracted from the article the number of true positives (children with elevated blood lead levels who had a positive questionnaire response), false positives (children without elevated blood lead levels who had a positive questionnaire response), true negatives, and false negatives. Some articles did not explicitly report these quantities, but all articles had enough information to calculate them for at least 1 questionnaire. From these quantities, we calculated point estimates and 95% confidence intervals for the sensitivity, specificity, and their sum. The sum of the sensitivity and specificity of a screening tool can range from 0 to 2, and in a screening tool that performs only as well as chance, the sum would be 1.0. We computed confidence intervals for sensitivity and specificity for the individual studies by treating them as binomial proportions 7 and computing score confidence intervals. [8] [9] [10] To compute confidence intervals for their sum, we used the score method without continuity correction (method 10 described by Newcombe 11 ). The questionnaires are a binary diagnostic tool, and the sensitivity and specificity are proportions and may be summarized with methods developed for the metaanalysis of proportions.
12(p396-397) Because the evaluations of the questionnaire were conducted on different populations, and because some questionnaires used different sets of questions, to produce a valid summary of the results one must take into account both the within-study variation and the between-study variation. We used a method suggested by Paule and Mandel 13 in which the pooled estimates of sensitivity, specificity, and their sum are weighted means of the estimates from the individual studies, with the weights being a function of both the variance within the individual studies and the variance between the studies. 14 
• Results
The primary search retrieved 858 citations ( Figure 2 ). Of these, 22 were original research reports that described the evaluation of a risk screening questionnaire for identifying children with lead poisoning. Two additional studies were found among the references of relevant articles found in the primary search, and 1 additional study was found by searching MEDLINE for articles by the authors of relevant articles found in the primary search. Two pairs of articles reported results from the same studies. [15] [16] [17] [18] We excluded the earlier, less complete report of each pair. Two articles were excluded because they reported evaluation results only for the individual questions of the questionnaire, not for the questionnaire as a whole. 19, 20 Two studiescollected the questionnaire answers from parents after the parents had learned the results of the blood lead test. 20, 21 We excluded these studies, one of which was also excluded because it reported results only for individual questions.
Three articles [22] [23] [24] each reported evaluations of a questionnaire on 2 separate study populations. Although in one of the studies there was a 25% overlap between the 2 cohorts in the study, 23 we treated each evaluation independently and included all 6 in the analysis. Therefore, we included 23 different studies of lead screening questionnaires (Figure 2) . Some of the studies reported evaluations of more than one questionnaire in the same study population. Three studies evaluated 2 questionnaires, and 1 study evaluated 3 questionnaires. There were 17 evaluations of the 1991 CDC questionnaire, no evaluations of the 1997 CDC questionnaire, and 11 evaluations of other questionnaires (Table) .
Among the 17 evaluations of the 1991 CDC questionnaire, the sensitivity ranged from 0.25 to 0.87 and the specificity ranged from 0.31 to 0.80. Values for the sum of sensitivity and specificity were generally near 1, with only 3 estimates greater than 1. • Discussion
We estimated the mean of the sums of sensitivity and specificity of the 1991 CDC screening questionnaire to be 1.12 (95% CI 1.06-1.18) and the mean of the sums of sensitivity and specificity of other questionnaires to be 1.13 (95% CI 1.06-1.20). If the performance of the questionnaires was completely random, the expected value for the sum of sensitivity and specificity would be 1.0, indicating that these questionnaires performed little better than chance at predicting which children had lead poisoning. In 4 of the 17 evaluations of the 1991 CDC questionnaire, the questionnaire actually performed worse than chance at predicting lead poisoning, and in another 8 evaluations, it was not significantly better than chance. The other questionnaires did little better: the questionnaire performed significantly better than chance alone in only 4 of the 11 evaluations.
There was wide variation in the sensitivities and specificities reported in the individual studies. For the CDC questionnaire, estimates of sensitivity ranged from 0.25 to 0.87 and estimates of specificity ranged from 0.31 to 0.80. For the other questionnaires, the ranges were 0.43 to 0.90 for sensitivity and 0.17 to 0.66 for specificity. Even if the overall predictive ability of the questionnaires were good, this would likely compromise their usefulness in a clinical setting, where clinicians would want to know the sensitivity and specificity that their screening achieves.
In many of the articles included in this review, the results were not reported in a way that allowed the reader to easily judge the efficacy of the questionnaire. Four of the articles did not report sensitivity or specificity. Of the 16 articles that did report these measures, only 3 reported a confidence interval for sensitivity and only 1 reported a confidence interval for specificity. Only 5 articles performed an assessment of the overall predictive ability of the questionnaire, so that they could report whether or not it performed significantly better than chance alone at predicting risk. Four used prevalence ratios and 1 used an odds ratio for this; none reported the sum of sensitivity and specificity. These inadequacies led some authors to overly optimistic interpretations of questionnaire predictive ability. Rooney and colleagues 24 reported on evaluations of the 1991 CDC questionnaire in 2 clinics. 24 In 1 clinic, the questionnaire performed worse than chance; in the other, it did not perform significantly better than chance. However, they concluded that the questionnaires worked, remarking that "by asking five questions about the patient's environment, the health practitioner may be able to predict whether a child is at risk for elevated lead levels."
Many articles also reported the negative predictive value and/or the positive predictive value of the questionnaire. These measures depend more heavily on the prevalence of lead poisoning in the target population than on the performance of the questionnaire, and are therefore unsatisfactory for summarizing its predictive ability. In the studies reviewed here that used the 1991 CDC questionnaire, the pooled, weighted mean estimate of the negative predictive value was 92.1% (95% CI 88.4%-95.8%), meaning that 92.1% of children who were classified as low-risk by the questionnaire did not have lead poisoning. Without context, this number may make the questionnaire seem useful. However, the pooled, weighted mean estimate of lead poisoning prevalence among the study samples on which the 1991 CDC questionnaire was evaluated was 9.9% (95% CI 5.7-14.0%), meaning that for the children in those studies, a screening rule that said "test nobody" would from Themhave a negative predictive value of 90.1%. The questionnaires did not perform significantly better than this. The use of lead screening questionnaires is widely recommended. The CDC has recommended either universal or targeted screening since 1997, where the phrase "targeted screening" means that health care providers should use a screening questionnaire unless their state or local public health agency has implemented a different method to target screening. 4, 40 A majority of states recommend questionnaires fortargeted screening: We found that out of 38 states that had lead screening guidelines posted on the Internet, 28 recommended screening questionnaires for at least some groups of children. Both the American Academy of Pediatrics 6 and the US Preventive Services Task Force (USPSTF) 41 recommend following state or local guidelines. The American College of Preventive Medicine recommends blood lead testing for children "meeting one or more high-risk criteria of a lead screening questionnaire." 42 Some recommendations call for the use of a "validated" questionnaire. The USPSTF guidelines state there is "fair evidence that validated questionnaires are modestly useful . . . ." 41 They do not say what criteria a questionnaire should meet to be considered validated, but our review suggests that there are no questionnaires that have been shown to have good predictive ability in a variety of situations.
Why do lead screening questionnaires not work? The individual questions are based on known risks for childhood lead poisoning. Lead-based paint in older housing is generally believed to be the source of most childhood lead poisoning, and housing age the best single predictor of elevated blood lead levels. 4 In an analysis of NHANES data collected between 1988 and 2004, children living in high-risk housing (defined as housing built before 1946 for NHANES III or before 1950 for NHANES 1999-2004) were approximately 6 times more likely to have elevated blood lead levels than children living in newer housing. 43 However, parents may not be very good at answering a question about housing age. In a study in Charleston, South Carolina, Schwab and colleagues 44 compared parents' responses to the question "Does your child live in or regularly visit a house that was built before 1950?" with housing age recorded in tax assessor records. They found that half of the parents who actually lived in pre-1950 housing provided a negative response to the question.
There are several limitations to this review. The 1997 CDC questionnaire 4 was not included in the review because we found no published evaluations of it. However, it is similar to the 1991 CDC questionnaire, and there is no reason to believe that it would perform better. It is now widely recognized that blood lead levels lower than 10 μg/dL are harmful to children, 2,3 and there is likely an interest in screening for children who have harmful levels of blood lead that are lower than 10 μg/dL. We did not find any studies that evaluated the ability of questionnaires to identify those children.
There are other methods of targeting screening that public health agencies could explore. In Chicago, blood lead testing of children living in neighborhoods with a high proportion of several risk factors in the population (low income, old housing, and minority population) found a percentage of children with lead poisoning that was 12 times the national average. 45 Litaker and colleagues 46 used a regression model to create risk scores for counties or other community units and reported good specificity and sensitivity. Geographic information system-based analysis can be used to assess screening programs, target screening, and target prevention programs. This method can be used to identify either neighborhoods, 47 individual housing units, 48, 49 or both 50, 51 where children might be at elevated risk. There are also older methods that could be better applied. Medicaid-eligible children are at higher risk for lead poisoning than other children, but fewer than half of them get blood lead tests, 43 in spite of the long-standing requirement that all of them be tested.
A weakness of childhood blood lead testing programs is that they use children as "biologic indicators of residential lead hazards," 52 effectively waiting for damage to occur before launching "prevention" activities. Many of the targeted screening methods described earlier that use community or residential characteristics, instead of questionnaires, to predict lead poisoning risk, can be adapted for use as methods to target screening of housing, 53 to implement primary prevention.
•
Conclusions
Risk factor questionnaires perform little better than chance at identifying children who should have a blood lead test. The questionnaires exhibited a wide range of sensitivity and specificity, and there is no evidence that any questionnaire can consistently perform with either high sensitivity or high specificity. The CDC's Childhood Lead Poisoning Prevention Advisory Committee 40 and other organizations should reconsider their recommendations in favor of risk factor questionnaires. Questionnaires should no longer be used, and new methods for screening children for lead poisoning are needed.
